Banat, a region situated in the western and south-western extremity of Romania, benefits from a defense network of meteorological stations in which a meteorological long-term monitoring activity of approximately 150 years is being carried out. Geographical position and diversity of physico-geographical conditions, under the influence of atmospheric circulation factors, determine both the major features of the climate in this region, as well as its local nuances. In order to analyze the spatial and temporal distribution of air temperature in Banat, we collected data strings and continuous meteorological observations from 14 weather stations in this area over a 35 years period . In Banat the air temperature regime presents a series of particularities and a patchy distribution as a result of the interaction of dynamic processes with the great diversity of these physicogeographical conditions. Analyzing the meteorological data strings one can observe that the air temperature varies in Banat, both spatially, from one meteorological station to another, and temporally from one year to another, from one semester to another, from one season to another but also from one month to the next due to the frequency and intensity of the advection of the different masses of air. The analysis of the air temperature and the thermal regime in Banat region confirms the moderate climate, with quite strong Oceanic influences from the western part of Europe and the weaker sub-Mediterranean influences, from the southwestern part of the continent. However, as a consequence of the global climate changes we are witnessing, at least in the last 50 years, there has also been a trend in Banat to increase the average annual temperature.
INTRODUCTION
Historically, weather data was recorded by historians in their writings, not aware of the importance of monitoring and storing meteorological data at the time (Guide to meteorological instruments and methods of observation, 2008) .
The monitoring and the centralization of meteorological data has been developed with the introduction and improvement of the instruments used for observations and meteorological measurements (Stanciu, 2005) .
The development of meteorology in Romania began with the establishment of the Meteorological Institute in 1884 by the physicist Ștefan Hepites, who was the first Romanian climatologist considered to have made significant contributions to this science, at whose initiative Romania also enrolled at that time among the founding countries of the World Meteorological Organization (WMO) (Micu et al., 2015) .
At a national level, the meteorological monitoring activity began in 1770, by making more or less systematic meteorological observations and measurements at Iași, Bucharest, Sibiu, ClujNapoca, Sulina, Giurgiu, Timișoara, Galați and Brăila (Zăvoianu, 2007) .
The first meteorological instrumental observations in Banat region were carried out at the end of the 18 th century by Carol I. Klapka, which had in regard the weather, with a special look at the air temperature.
In the following years, meteorological observations were continued by Mathematics School from Caransebeș and then by Real High School from Timișoara, where a meteorological observatory was equipped with instruments such as thermometer, barometer, raingauge and hygrometer (Stanciu, 2005) .
In Banat, the meteorological monitoring activity started at the end of the 19 th century with the establishment of the meteorological stations in the big cities, namely Timișoara (1872), Reșița (1896) , Caransebeș (1896) and Lugoj (1896) (Arba, 2016) .
The information referring to the meteorological elements in this part of the country has increased in time, through the visual observation method, by experiments done in laboratories or in the geographical environment, but also by means of remote sensing, very useful for the weather services that deal with weather forecasting.
Banat meteorological network was completed in the 20 th century by the establishment of a large number of stations, among which we can mention: Arad (1935 ), Bozovici (1939 ), Sânnicolau Mare (1939 ), Banloc (1942 ), Băile Herculane (1944 ), Oravița (1944 ), Moldova Veche (1949 ), Semenic (1956 ), Cuntu (1956 and Țarcu (1961) (Stanciu, 2005) .
Thus, Banat region currently benefits from a defense meteorological stations, most of them equipped with automatic stations, where observations and systematic measurements are made on the meteorological parameters and can provide essential information regarding the variability of the atmospheric phenomena in the main reliefs stages found in this part of the country (6 stations in the plain area, 2 stations in the hill area, 4 stations in the depression area and 3 stations in the mountain area).
An important role in the monitoring of meteorological elements in Banat is the Regional Meteorological Center (RMC) of Banat-Crișana region, located in Timișoara, which issues all the warning codes for this region, but also for Crișana, except for severe weather conditions (orange code) and very severe weather conditions (red code) for which the regional center consults with the National Meteorological Administration (NMA).
Romania has a vast experience in extreme events monitoring at control at national level, with a history of 120 years of observations, forecast and case study performed by National Meteorological Service.
An important moment in the meteorological monitoring activity from Banat was the year 1976, when Radar station from Timișoara was established, with the purpose of transmitting warnings in special and severe weather situations, such as heavy rainfall or hail.
Doppler Weather Radar -S Band from Timișoara has been operating since 2003, making a major improvement in the short-time forecast, mainly in detecting dangerous weather phenomena, anticipating their production by 30 minutes to 3 hours and with much accuracy (Nichita, 2011) .
A major reform in Romanian meteorology is after 2000, the transition from the classic observation system to the automatic system and the Integrated System for Meteorological Surveillance, Forecast and Alert in Romania (SIMIN), a project that has made possible the modernization of the national meteorological network by installing automatic stations (Automatic Weather Stations), through the implementation of data validation and primary data processing systems and the provision of advanced computers, specialized software for the transmission, storage and processing of data (Adler, 2015 (Adler, , 2016 .
The geographical position of Banat, in the western and south-western extremity of Romania, and the diversity of physico-geographical conditions, under the influence of atmospheric circulation factors, determines both the major features of the climate and its local nuances.
This region of the country benefits from a transitional temperate continental climate with Oceanic and sub-Mediterranean influences, which results in a moderate climate of the main climate elements: air temperature, atmospheric precipitation, air humidity, atmospheric pressure, etc. (Dunca, Bădăluță-Minda, 2017 ).
Due to the increased dynamics of air masses, the general circulation of the atmosphere imparts great climate in this part of the country. This genetic factor is responsible for the dynamic nature of the climate and weather-climatic phenomena of risk and climatic risk, such as: humidity excess, extreme temperatures, strong frosts, violent vices, etc. (Bogdan, Marinică, 2007) .
In addition to all these aspects this region is affected by the globally climatic changes which causes the increase in average of air temperature, the decrease in annual precipitation amounts and the intensification of extreme weather events (Mitrică et al., 2015 , Busuioc et al., 2010 .
METHODS
For the analysis of the spatial and temporal distribution of air temperature in Banat, we collected data strings and continuous meteorological observations from 14 weather stations in this area over a 35 years period .
After collecting the data from the 14 meteorological stations, we created a database, which we then used for statistical data processing and for analyzing the climatic conditions in this area, respecting a series of principles to meet both the scientific standards and to allow data to be presented in an accessible a format as possible.
Statistical analysis could be done using statistical indicators specific to a climate study, among which we can mention: the averages (daily average, monthly average, annual average, multiannual average, the average of the coldest month, the warmest month, the average amplitude annual, seasonal average and seasonal average), extreme values, duration of intervals with different characteristic values, frequencies, probabilities, etc.) (Zăvoianu, 2007) .
As a result of the quality requirements imposed internationally, as well as the need for a large amount of information stored in various electronic formats of the GIS type, we have used several modern and current software applications to complete this study, which have allowed the processing of a range various types of data and specific information (Dyras et al., 2005) .
The spatial distribution map of the average temperatures in Banat, which is strongly influenced by the altitude of the relief, as is naturally according to an already known rule, was made using the complex GIS research method.
The realization of this map was made possible by using the ArcGIS program and by going through some essential steps from which we can mention: finding out the relationship between the analyzed parameter (air temperature) and the explanatory variable (altitude) by applying linear regression and spatial modeling of temperature values using the terrain numerical model (DEM) for the Banat region with a resolution of 30 m (SPOT) and the expression of the linear regression equation between the two variables.
RESULTS AND DISCUSSION
The climate regime of Banat is influenced, on the one hand, by the development of the subtropical anticyclone of the Azores and the Eurasian continental, and on the other hand by the activity of cyclones in the North Atlantic and the Mediterranean Sea (Topor, Stoica, 1965) .
Air temperature is one of the most important climatic parameters, which presents spatiotemporal variations related to the factors that influence it, namely: latitude, altitude, air mass dynamics, physico-geographical conditions etc. (Clima României, 2008) .
In Banat, the air temperature regime presents a series of particularities and a non-uniform distribution as a result of the interaction of dynamic processes with the great diversity of these physico-geographical conditions.
Analyzing the meteorological data point, it can be observed that the air temperature varies in Banat, both spatially, from one meteorological station to another and temporally from one year to another, from one semester to another, from one season to another, but also from one month to another.
The multi-annual mean of air temperature is one of the most synthetic climatic parameters resulting from the successive processing of the measured temperature values at the stations analyzed over a long reference period, such as this study period with 35 years, from 1979 and until 2013.
Analyzing the multiannual average temperature at the analyzed meteorological stations, it can be observed that the highest value is recorded at the station situated at the lowest altitude, namely Banloc (12º C), and that the lowest values are recorded at the station located at the highest Țarcu altitude (-0.3º C) ( From a spatial point of view, the value of the multi-annual mean of air temperature during the analyzed period decreases as the relief steps rise in altitude, so a gradual increase of the altitude, from the western part to the eastern part of Banat, shows a decrease of the temperature, visible aspect also on the map with the spatial distribution of the mean multiannual temperatures in Banat (Figure 1) .
The highest mean isotherms (10 ° C, 11 ° C and 12 ° C) are characteristic of the plain and gorge area, as is the case of Moldova Veche station located in the Danube Gorge, through which the isothermal temperature is 12 ° C due to the Oceanic and Mediterranean influences from this part of the country.
A thermal difference of 1.3 ° C is reported between the meteorological stations located in the north part (Arad) and southern part (Moldova Veche) of Banat, on one hand due to the difference of approximately 1°30' on latitude and on the other hand because of the influences mentioned before.
The smallest mean isotherms go through the highest parts from the mountainous area, because the altitude and massif relief contribute decisively to the territorial distribution of air temperature in this region. Even the regional differences in climate extreme trends within this region are mainly due to altitude and less to latitude (Birsan et al., 2014) .
The linear regression coefficient (R 2 ), which expresses the strength of the link between the two variables, namely: the altitude of the relief (independent variable) and the mean multi-annual temperature (dependent variable) is 0.975, indicating, as expected, a strong negative relationship (reverse linear correlation) between the two variables, with a causal effect between increasing the relief altitude and decreasing the air temperature (Figure 2) .
The trend of variation temperature in relation with the altitude of the relief can be easily deviated from the rule for stations belonging to depression areas (Bozovici), where temperature inversions are especially characteristic during the cold season.
Compared to the multiannual average values over the analyzed period , the air temperature recorded quite non-periodic variations, depending on the frequency and intensity of advection of the different air masses. The years with negative deviations are : 1979-1988, 1991, 1993, 1995-1998 and 2004-2005 . By analyzing these 18 years, it can be observed that they concentrate more in the first part of the period. Even the year1980 belongs to the first part of the period analyzed which had the highest negative deviation (1-2° C below the multiannual average) being also the most extreme year in this matter. In what concerns the years with positive deviations, these are: 1989-1990, 1992, 1994, 1999-2003 and 2006-2013. In the analyzed period, the 17 years are in the last part of the period and the year with the highest positive deviations (1-2° C above the multiannual average) is 2000 for most of the stations (Oraviţa, Reşiţa, Caransebeş, Băile Herculane, Lugoj, Arad, Timișoara, Sânnicolau Mare, Banloc and Moldova Veche), 2007 for Bozovici station and 2012 for mountain stations (Ţarcu, Cuntu and Semenic).
The air temperature has raised globally in recent decades, as a consequence of the global climate changes, with a faster rate especially since 1975, but with an increasing which proved to be nonlinear and nonhomogenous at global scale .
In Romania the mean air temperature registered exclusively upward trends, statistically significant over the entire country, because of the spring and summer increases (Dumitrescu et al., 2015 , Marin et al., 2014 .
By analyzing the variability and the evolution trend of the air temperature regime within Banat we can notice that over the last 50 years , the evolution trend of the mean annual temperature increased with values ranging from 0.8-1.3° C to all weather stations, being differentiated by areas with a more pronounced growth trend in the plain area and more moderate in other areas.
However, the identified growth trend for this region from the western and south-western part of the country is lower compared to the regions from the eastern and southern part of the country, where it is more pronounced (Climate of Romania, 2008 , Dumitrescu et al., 2015 .
By analyzing in detail the air temperature of Banat meteorological stations, it can be seen that it presents temporally different variations of non-seasonal during the year, from one semester to another, from one season to another, from one month to another, but also during a day, due to the frequency and intensity of the advection of the different masses of air.
The hottest month of the year is July for most of the stations from low altitude (Reşiţa, Bozovici, Caransebeş, Băile Herculane, Lugoj, Arad, Timişoara, Sânnicolau Mare, Banloc and Moldova Veche), July and August for Oraviţa and August for high altitude stations (Țarcu, Cuntu and Semenic) (Figure 3) . The coldest month of the year is January for low altitude stations (Oraviţa, Reşiţa, Bozovici, Caransebeş, Băile Herculane, Lugoj, Arad, Timişoara, Sânnicolau Mare, Banloc and Moldova Veche) and February for mountain stations (Ţarcu, Cuntu and Semenic).
Due to the moderate character of the thermal regime from Banat, due to the higher frequency of the maritime air masses, the values of the annual thermal amplitudes are quite moderate.
The annual average thermal amplitudes decrease as the altitude increases, so the highest values are recorded in the plain area (23.1° C at Sânnicolau Mare) and in the depression area, and the lowest values are recorded in the mountain area (17.3° C to Țarcu).
The possible interval of the absolute maximum temperature during one year is 1 May -15 September, with a higher frequency in July-August, and the possible minimum temperature range is 1 December -1 March, with a higher frequency in January (Linc, Ribana, Gaceu, 2000 , Arba, 2013 .
The absolute maximum values of air temperatures occur in this part of the country due to conditions of the anticyclonic regime and the predominance of dry and sunny weather caused by tropical air invasions, and absolute minimum values of air temperatures occur in situations with anticyclonic regime, usually when the dorsal of the Eastern European anticyclone extends over Central Europe and over South Eastern Europe (Stanciu, 2005) .
Non-periodic variations of air temperature are also highlighted from one season to another, being determined by the general circulation of air masses.
Analyzing the variation of the seasonal average temperature one can observe that for all the analyzed stations and from seasons, the coldest season is winter as expected, especially for the mountain stations, where the recorded values were negative (-8° C at Țarcu, -3.7° C at Cuntu and -4.6° C at Semenic) and that the hottest season is summer, especially at the plains where the highest values (22° C at Moldova Veche, 21.5° C at Sânnicolau Mare, 21.3° C at Timişoara and 21.2° C at Banloc) (Figure 4) . Banat (1979 Banat ( -2013 In the spring, the air temperature regime records the most significant fluctuations due to the activity of cyclones from Mediterranean Sea that occur in this part of the country sudden temperature rises together with thawing and sudden melting of snow accumulated in winter (Munteanu, Rodica, 1998 , Săraru, Tuinea, 1999 -2000 . Graphic representation of the semestrial average temperatures highlights very clear the differences between the two seasons during the year: warm semester and cold semester. From a valoric point of view the highest fluctuations occur during the cold season, when the thermal contrast of the air masses is more evident (Figure 5) .
The average temperature of the cold semester, calculated for October-March, has positive values for low-altitude stations, such as Moldova Veche station, with the highest average value (5º C) and negative values at high altitude stations (-5.4° C to Țarcu, -0.9° C to Cuntu and -1.9° C to Semenic). Figure 5 . The half-yearly average temperature at the meteorological stations from Banat (1979 Banat ( -2013 In the warm semester, the calculated average temperature from April-September interval has positive values for all stations in Banat, registering a minimum at Țarcu station (4.7º C) and a maximum at Moldova Veche station (18.9º C).
The thermal difference of the two analyzed semesters, calculated as the difference between the highest and the lowest temperature value, is 14.2° C for the warm semester and 10.4° C for the cold semester. The analysis of the air temperature and the thermal regime at in Banat region confirms the moderate climate, with quite strong Oceanic influences from the western part of Europe and the subMediterranean, weaker, from the southwestern part of the continent.
CONCLUSION
Banat region benefits from a dense network of meteorological stations in which there is a long-term monitoring activity of about 150 years, which involves the meteorological observation and measurements of the most important meteorological parameters and which can provide us with essential information regarding the variability of the phenomena atmospheric in the three main relief steps in this part of the country.
Analyzing the thermal regime in Banat confirms the moderate character of the climate from this part of the country, with strong Oceanic influences from the western part of Europe and the subMediterranean, weaker, from the southwestern part of the continent.
The air temperature regime presents in Banat a series of particularities and patchy distribution, as a result of the interaction of dynamic processes with the great diversity of physico-geographical conditions from this region. The multiannual average of air temperature decreases as the relief steps rise in altitude, so a gradual increase of the altitude, from the western side to the eastern part of the Banat, shows a decrease in temperature. Thus, the highest temperature value is recorded at the station located at the lowest altitude, namely Banloc (12º C), and the lowest temperature value is recorded at the station situated at the highest altitude, namely Țarcu (-0.3º C).
On north-south direction, between the meteorological stations located in the northern (Arad) and southern (Moldova Veche), a thermal difference of 1.3° C is signaled, on one hand due to the difference of approximately 1°30'latitude and on the other hand due to the Oceanic and Mediterranean influences felt in this part of the country.
Due to the moderate character of the thermal regime from Banat, due to the higher frequency of the maritime air masses, the values of the annual thermal amplitudes are moderate and decrease as the altitude increases (23.1° C at Sânnicolau Mare and 17.3° C at Țarcu).
The possible interval of the absolute maximum temperature during one year is 1 May -15 September, with a higher frequency in July-August, and the possible minimum temperature range is 1 December -1 March, with a higher frequency in January.
In the context of current global climate change, the values of the average annual temperature in this region have increased over the last 50 years , with values ranging from 0.8-1.3° C, with a more pronounced increase at stations from plainareas and more moderate at the other stations.
The years with negative deviations are more concentrated in the first part of the analyzed period , and 1980 has the highest negative deviation (1-2 ° C below the multiannual average), being the most extreme in this sense.
The years with positive deviations are more concentrated in the last part of the analyzed period, and the year with the highest positive deviation (1-2 ° C above the multiannual average) is 2000 for most stations, 2007 for Bozovici station and 2012 for mountain stations.
